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/I u r tr-^BeH NICAL FIELD OF THE INVENT ION 

The present invention relpt&s to an Al-coated steel sheet excellent in 
anti-scratching property dtrfmg press-working and corrosion-resistance to a 
stored fuel, and alsp^relates to a method of manufacturing a fuel tank from 
the Al-coated sfc£el sheet. 

A fuel tank 1 for an automobile or the like has been conventionally 
manufactured by the following manner* An upper half 2 and a lower half 3 
15 are independently prepared from steel sheets by press -working, and then 
washed with an alkali liquid. Halves 2 and 3 are assembled to a tank shape, 
joined together by resistance-welding such as seam-welding and spot-welding, 
and then coated with an anti-corrosion paint at their whole external surfaces, 
as shown in Fig. 2. 

20 The upper half 2 and the lower half 3 have sinks 4 of the same 

openings and shapes. Flanges 5 are formed at the whole periphery of the 
sinks 4. These halves 2 and 3 are joined to a unitary body by putting the 
flange 5 of the upper half 2 on the flange 5 of the lower half and welding 
together. Since a material is worked to the fuel tank with heavy duty, it shall 
25 be good of press-workability, resistance-weldability and post-coat corrosion- 
resistance. In the state that such the fuel tank is installed in an automobile, 
its inner surface is exposed to a corrosive atmosphere containing a fuel. If the 
inner surface is corroded by the fuel, a filter of a fuel circulation system is 
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choked up by resulting corrosion products. The corrosion sometimes causes 
generation of through holes. In this sense, the material shall be good of 
corrosion-resistance. 

A steel sheet hot-dip coated with a Pb-Sn alloy (as disclosed in JP57- 

j f 

, 5 6133B) and a Zn-coated steel sheet (JP53-19981B) have been used so far, in 
order to satisfy such requisitions for a material of a fuel tank. 

Although the steel sheet hot-dip coated with a Pb-Sn alloy exhibits 
excellent corrosion-resistance against a fuel solely composed of gasoline, it is 
likely corroded_by_aLeohol in the case where a fuel tank receives an alcoholic 

10 fuel such as methanol or ethanol or a fuel mixture of alcohol with gasoline. 
When a fuel tank made from the Zn-coated steel sheet is used for receiving 
degraded gasoline as a fuel or left in a humid environment at a high 
temperature over a long term, it is attacked by corrosive substances such as 
formic acid and acetic acid generated by oxidation and degradation of the 

15 gasoline, resulting in generation of white rusts. 

A steel sheet coated with Al or an Al-SL alloy (as disclosed in JP4- 
68399B) or an Al-coited steel sheet to which an organic resin, film dispersing 
metal powder therein is applied (hereinafter referred ... to as "an antr Corrosion . 
painted steel sheet"* as disclosed in JP6-306637A, JP9-53166A) is. proposed as 

20 a material for a fuel tank in order to eliminate the above-mentioned problems. 
Corrosion-resistance of the Al-coated steel sheet against sin organic acid is 
. enhanced by protective function of an oxide .film formed on a. surface of the Al . 
plating layer. The. anti-corrosion painted steeLsheet exhibits good corrosion- 
resistance against gasoline, due to the organic resin film, ,and metal powder 

25 dispersed in the organic .film bestows the organic "film with electric 
conductivity so as to facilitate resistance-welding the upper half 2 with the 
lower half 3. 

However, an Al plating layer formed on the steel sheet is inferior of 
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-anti-scratching property during press-working, so that substrate steel is often 
partially exposed to the outside when it is press- worked to upper and lower 
: . * . , halves 2, 3. The exposed part will be. an origin of internal corrosion, when it is 
subjected to degraded gasoline including organic acids. A paint film applied to 
5 the external surface of the fuel tank does hot ^fulfill its corrosion-preventing 
junction during progress of under-coat corrosion in some cases. On the other 
hand, the anti-corrosion painted steel sheet is often materially ruptured due 
to poor lubricity, when it is press* worked to members of a fuel tank. 

The plastic reformation of the anti-corrosion painted steel sheet 
10 during press-working is improved by applying a lubricate film of an organic 
resin good of lubricity, anti-corrosion and plasticity to a surface of the anti- 
corrosion painted steel sheet (as disclosed JP6-306637A, JP9-53166A). 
However, when the anti-corrosion painted steel sheet after application of the 
lubricate film is worked to a shape of the fuel tank, the organic resin film as 
15 well as the lubricate film are thermally decomposed during resistance- 
welding. Offensive odor and smoke are abundantly generated by the 
decomposition, so as to deteriorate the working environment. 

Application of an alkali-soluble lubncate filmas also proposed, in order 
to facilitate removal of the lubricate film before wblding the .upper half 2 to 
20 the lower half 3. Although the alkali-soluble lubricate film can be washed off 
by an alkali, an organic resin film remains on a surface of the steel sheet and 
causes generation of offensive odor and smoke. Consequently, it is necessary 
to completely remove the organic resin film from the flanges 5 of the upper 
and lower halves 2, 3 before welding. Although the organic resin film is 
25 peeled off by a chemical method such as application of a proper peeling agent 
or a mechanical method such as polishing, anyway also needs time and labor. 
' v "^ Lu b rte^- of a rcgin fi l m may be improved by dispeibiuii uf a powdery ^ 

^s ynthetic resin such as pofyolefin or fluororocin to an organic rcoin - film 

/ 
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instead of an lubricate film. However, such the additive deterk 
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adhesiveness— tnid durability of a anti-corrosion paint film applied to the 
surface of the fuel tank and causes exfoliation of the paint film 
during using. 

^DISCfc OOUIlE OF THE INVENTION- 
<z \ The present invention is accomphshedjor- r limi n ation of - the abov o - - 




mentioned problems^^ the present invention is to offer an Al- 

coated st£el**sneet, which satisfies -requisitions for use as a fuel tank superior 

10 of/<if)rrosion-resistance and durability. 

According to the present invention, an alkali-soluble resin film <is 
directly applied to a surface of an Al-coated steel sheet. The Al-coated steel 
sheet, to which the; alkali-soluble resin film is applied, is formed to upper and 
lower halves of a fuel tank by press : working. : The upper and lower halves are 

15 washed with an alkali liquid to dissolve off the resin film and joined together 
to a unitary body. Thereafter, a paint is applied to an external surface of the 
unitary body. A fuel tank excellent in corrosion-resistance and durability is 
manufactured in this way. 

An alkali-soluble resin applied to a surface of an Al-coated steel sheet 

20 is preferably one, which can be dissolved in ah alkali liquid of pH 9.0 or 
higher, has a carboxyl group in its molecule with ah acid value of 40*90. A 
resin having hydrogen atoms of the carboxyl group substituted by an alkali 
metal at a ratio of 1*50% is especially recommended, since it is dissolved off in 
1 minute by an alkali liquid of pH 9.0. A ure thane or acrylic resin excellent in . 

25 adhesiveness and plasticity is used as such a resin, to inhibit peeling of a 
resin film during press; working. Lubricity of the resin film can be also 
improved by dispersion of 1-25 mass % a powdery synthetic resin and/or 1-30 
mass % powdery silica. The resin film is preferably of 0.2-5. 0p.m in thickness. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a graph showing effects of a pH value and a temperature of an 
alkali liquid on dissolution of a resin film. The resin film was of l.Ojim in 
thickness and formed on a surface of a steel sheet hot-dip coated with an Al- 
9%Si alloy at a ratio of 30g/m 2 per single surface by applying an emulsion of a 
urethane resin having a carboxyl grdup in its molecule with an acid value of 
70 with a bar-type applicator and then baked in an oven. <- - 

Fig. 2 is a sectional view illustrating a fuel tank. 

^ ^ r EMOBTMENTS OF THE INVENTION 

0^ > 5^^> — A resin film, which is excellent in lubricity, corrosion-resistance anc 
plasticity and also maintains excellent corrosion-resistance as wellXas 
adhesiveness to an anti-corrosion film even after press-working a steel sheet 
15 to a shape of a fuel tank, has been used so far as a resin film fbplfied on an AT 
coated steel sheet for use as a fuel tank. On the contrary, the inventors 
researched for a resin film which serves as a b*t)tective film until press- 
*: working and is easily removed from, the stej^l^substrate, without affection of 
such the conventional idea on the- re&m film. When such the resin film is 
20 realized, the "resin film is completely removed from the steel sheet before 
seam- welding. .Consequently upper and lower halves are joined together in 
absence pf^the resingim during seam-welding, so as to avoid generation of 
offensive odor ^pr^smoke as decomposition products of the resin film. Even ' 
when a povraery- synthetic resin which puts harmful effects on adhesiveness 
25 to an ana-corrosion film is added to the resin film serving as a protective film, 
durability of the fuel tank does not become worse, since the powdery synthetic 
r^sin is removed together with the resin film. However, it is very difficult to 
1 off a conventional resin film after the press-working, since it firmly 



sticks to an Al^natpH stf ^l R h rr t r hi r t o rt miunt mu l i i i ii l iming Lliu jjuj^TT 
wpfKing. 

The inventors investigated a conventional manufacturing process 
wherein halves of a fuel tank for an automobile are washed with an alkali 
5^ liquid after a press-working step but before a welding step, and hit upon the. 
idea that, formation of an alkali- soluble, resin .film directly on a surface of an 
. .Al-coated steel sheet is profitable for removal of such a resin film by washing 
the halves with an alkali liquid without . necessity of peeling off : the resin after 
vS^^;^^he-press-workin'g/ . 

10^^^\ Solubility of a resin film is greatly varied in response to a pH value 0/ 
an alkali liquid used for washing, as shown in Fig. 1. A time for dissolutiem of 
the resin film is changed in correspondence with the pH value. It is/fiecessary 
to adjust the solubility of the resin film so that dissolution is firfished within 5 
minutes in an alkali liquid of pH 9.0 or higher, accounting a washing time 

15 predetermined within 5 minutes in an alkali cleaning step of a conventional 
process for manufacturing members of a fuel^tdiik. Dissolution of a resin film 
in an alkali liquid is promoted by introduction of a free carboxyl group(s) .in a 
molecule of the resin so as to weaken water resistance. The resin, in which a 
free carboxyl' group (s) is introduced, has solubility varied with an acid value. 

20 The acid value is represented by a mg number of potassium hydroxide 
necessary for neutralization of acid contents (acid groups) in lg a resin. If the 
acid value is leps than 40, it takes 5 minutes or longer to completely dissolve 
off the resjn film in an alkali liquid of pH 9.0 or higher. However, the acid 
value greater than 90 causes poor film-forming ability of the resin and 

25 detemorates anti-scratching property of the resin film. In this consequence, 
tlWcarboxyl group(s) is preferably introduced to the resin in the manner such 
that the acid value is adjusted in a range of 40-90. 

< S^lo ^^jrfr-i-r*** ^* Hgyo ^ ^ l opn^g solution ia prPparpH ft lnwor anH Iniirnr pl^ - 
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value to keep the alkali cleaning work safe, and a cleaning time is shortened 
to improve productivity. In short, there has been set the work goal that ythe 
cleaning is completed within 1 minute using an alkali liquid of pHj*rU or so. 
According to the work goal, the resin film shall be also dissolygfl off within 1 
minute by the alkali liquid of pH 9.0. However, 3*5 njtffutes are ordinarily 
required for dissolution of a resin film, in whicjjx^lree carboxyl group(s) is 
merely introduced so as to adjust an ackj^hmie to 40-90, in an alkali liquid of 
pH 9.0. Due to such a longer tirpe'for dissolution, a cleaning liquid of a higher 
pH value is inevitablv^Jiged for shortening the cleaning time without change 
10 of a resin kiod^ln actual, a cleaning liquid of pH 10 has been used for 
completion of the cleaning within 1.5-2.0 minutes, or a cleaning liquid of pH 
lySr higher has been used for completion of the cleaning within 1 minute. 

— \ The inventors have searched for a method, which enables short- ti 

cleaning using an alkali liquid of a lower pH value. In the course of searching 
15 and examination, the inventors found that partial substitutioia^of hydrogen 
atoms in a free carboxyl group(s) introduced to a molecule of a film-forming 
resin by alkali metal is effective for dissolution of ap^sin film within 1 minute 
by an alkali liquid of pH 9.0. The substitutima^ratio of hydrogen atoms by the 
alkali metal is preferably adjusted tp^l-50% on the basis of all the free 
20 carboxyl groups. If the substitution ratio . is less than 1%, a time for 
dissolution of a resin film La'not so shortened compared with a resin film 
having segregation hydaroxyl groups unsubstituted by alkali metal, and the 
resin film is not cojacfpletely dissolved off within 1 minute by an alkali liquid of 
pH 9.0. If tWsubstitution ratio exceeds 50% on the contrary, a resulting 
25 resin Slur is excessively hygroscopic so that the resin film is likely to be 
when an Al-coated steel sheet to which the resin film is applied is 
Sored in a coiled state. 

A ro s in . having l^drogon atomo of a fre e carboxyl group(q) pjx tiaily^ 
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substituted by alkali metal is prepared from a resin to which a free carboxyl 
group(s) is introduced to adjust its acid value at 40*90. If the acidj£ahr6*is less 
than 40, dissolution of the resin film in anjjjtair^iquid of pH 9.0 is not 
. completed within 1 minute^regSf3less- substitution of hydrogen atoms by 
alkali metaJ^if"£Ee acid value exceeds 90 on the contrary, the resin film is 
PQefrof anti-scratching property. 

An alkali-soluble resin is preferably . a ure thane or acrylic resin 
exceUent;ih;,kdhksiv^ness' s 'ahd plasticity,; wherein a free carboxyl- group (s) is 
introduced to t adjust an acid value at 40-90, arid .'hydrogen atom's of the free ' 
carboxyl group (s) are partially substituted by .'alkali metal/ The acrylic re$in 
. has the advantage that the free carboxyl group(s) is easily introduced, since 
raw material with the carboxyl group can be used for synthesis. Introduction 
of the free carboxyl group(s) to a urethane resin synthesized from raw 
materials free from carboxyl groups is performed by reaction of a hydrophilic 
chemical compound having a carboxyl group with diisocyanate. 
^ \ There are not special restrictions on synthesis of a urethane or acjyllc' 



resin. Any conventional process may be adopted, unless effect&*t5Tthe present 
invention are not hurt. However a resin form is ^either restricted, a desirable 
resin is soluble in an organic solveijt-of^water or dispersible in water. The 
water-soluble or water-disf^rsible resin is especially desirable in the 
viewpoint of coatijag^operation. A film-forming auxiliary such as an alkylene 
glycol depv^uve, dialkyl ester of an aliphatic dicarboxylic acid or N*methyl-2- 
pyyrolidone may be added to the resin. 

The resin film is preferable of 0.2-5^im in thickness. If the resin film is 
thinner than 0.2|im, its anti-scratching property is poor. However, the resin 
film thicker than 5jam necessitates a longer time for dissolution in an alkali 
cleaning step. 

k^^-— -^~ A p o wdeiy synthetic resin incompatible with the alka l i suluble leaiii 
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may be added to resin composition for formation of the resin film, in 
manner such that the powdery synthetic resin is partially projecte^<&om a 
surface of the resin film. Dispersion of such the powdery^g^nthetic resin 
improves workability of the Al-coated steel sheet, sojbhm; the Al-coated steel 
sheet can be press-worked without applicatiorj^efa lubricant oil even to a part 
which is subjected to severe reformatiotfTThe effect of the powdery synthetic 
resin on workability is realizecLby addition at a ratio of 1 mass % or more on 
the basis of the resin compp^ition. However,, excessive addition of the powdery 
synthetic resin more^Kan 25 mass % unstabilizes suspension of the powdery 
10 synthetic resin id a treating liquid, and causes gelation of the powdery 
synthetic i-g^in. In this consequence, a ratio of the powdery synthetic resin 
addeci^o the resin composition is determined within a range of 1*25 mass % 
(p/^ferably 3-20 mass %). 
c^u p v. — ^ Q £ a fl uor0 resin, a polyolefinic resin such as, polyethylene 

15 polypropylene, a styrenic resin such as ABS or polystyrene, andjjji^iogenized 
resin such as vinyl chloride or polyvinylidene chlojide^may be used as such 
the powdery synthetic resin. One orjaaetftTof these powdery synthetic resins 
may be added to the regiarComposition. The powdery synthetic resin may be - 
provided by njj&dianical crushing to, a prppefc particle ^ize. or- offered as a 
20 liquid s^pension prepared by chemically or mechanically dispersing the 
syndetic resin in a proper solvent. 

Addition of powdery silica to the resin composition, improves heat 
resistance and anti- scratching property of the resin film, so that- the Al-coated 
steel sheet can.be press-worked even at a temperature of a metal die near 200 
25 9 C without damages on the resin film. The effect of the powdery silica on the 
anti-scratching property is realized by addition at a ratio of 1 mass % on the 
basis of the resin composition. However, excessive addition of silica more than 
30 mass % deteriorates stability of a treating liquid. The powdery silica may 
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be added together with the powdery synthetic resin to the resin composition. 

An Al-coated steel sheet as a substrate for formation of the resin film 
may be a steel sheet coated with pure Al or an Al alloy such as Al*Si 
(containing 3*13 mass % Si), Al-Zn, Al-Zn-Si, Al-Mg or Al-Mn. These Al- 
5 coated steel sheets are manufactured by a hot-dip process, a vacuum 
deposition process, a molten salt process or the like. A steel sheet coated with 
pure Al is preferably one manufactured by the vacuum deposition or molten 
salt process, since a thick Fe-Al interlayer poor of ductility is formed at a 
boundary between a substrate and a plating layer of a hot-dip coated steel 
10 sheet. On the other hand, since a steel sheet coated with an Al alloy can be 
J 5 manufactured at a low cost by the hot-dip process without formation of such a 

IB brittle interlayer, advantages of the hot-dip process are utilized. 

□ The Al-coated steel sheet is preferably subjected to chromating 

il treatment, after the resin film is dissolved off by alkali-cleaning. A chromate 

15 film formed on a surface of the cleaned steel substrate by the chromating 
treatment effectively improves corrosion- resistance of the steel substrate. 
Either one of reactive chromating, spray-type chromating or electrolytic 
chromating may be adopted for formation of such a chromate film. A^ 
phosphoric acid or inorganic sol effective for improvement of corrosion- 
20 resistance and paint adhesiveness may be optionally added to a chromating 
composition. The chromate film is preferably formed at a ratio of 5-100mg/m 2 . 
calculated as metallic Cr. Adhesion of the chromate film at a riatio less than 5 
mg/m 2 causes poor corrosion-resistance, but excessive adhesion of the 
chromate film more than 100 mg/m 2 abruptly deteriorates weldability. 
25 Although there are not any special restrictions on formation of Ja^f 

film, an emulsion is prepared from a liquid^^ group(s) 
in its molecule to. whicj^a*^pT5w3ery synthetic resiri' and/or powdery silica is 
optionaUy^adtlecL Such an emulsion is applied- to a steel sheet by a proper' 
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method selected from brushing, application with rolls pr bars, showerjt 
spraying and electrostatic atomizatibn accounting^ei^ftenitcareffi and 
productivity, to fonj£ia--Tnl^ on the Ahcoated steel sheet. The 

applietTresin is dried at, an ambient temperature, or a high temperature. \ v 
5 After formation of the, resin film; the, Al -coated steel sheet is trimmed" 

to a proper size and press-worked .to a shape for upper and lower halves of a 
fuel tank. The halves are seam* welded or spot- welded together to a unitary 
body, and an anti-corrosion' paint is applied to an external surface of the 
iQ unitary body. Thus, a fuel tank for an automobile is manufactured. In- this,- \ 

jjj 10 manufacturing process, the halves are washed' with an alkali liquid to 

dissolve off the resin film after the press-working step but before the welding 
;if step. Some fuel tanks have small sub-tanks and pipings connected thereto, in 

: _ addition to the halves. The present invention is also applicable to production 

ij of such members. 

jj 15 The present invention will be more apparent from the following 

2 examples, referring to the drawings. Of course, these examples do not put any 

restrictions on the scope of the present invention. 

Example 1 

20 Several kinds of urethane emulsions containing carboxyl groups with 

various acid values were prepared by mixing 2,2-dimethylol propionic acid, 
hexamethylene diisosyanate, adipic acid, 1,4-butylene glycol and ethylene " 
glycolic polyester polyol at various ratios. Powdery silica and/or a powdery 
synthetic resin (a mixture of polyethylene resin with fluororesin) were added 

25 to some of the emulsions. 

A steel sheet of 0,8mm in thickness hot^dip coated with an Al*9% Si 
alloy at a ratio of 30g/m 2 per single surface was used as a base sheet for 
painting. After the Al-coated steel sheet was chromated at a ratio of 20mg/m- 
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calculated as Cr, each emulsion was directly applied to the Al-coated steel 
sheet by a bar-type applicator, dried in an oven so as to form resin films 
different each other in thickness. 

Table 1 shows compositions and thickness of resin films formed on 
surfaces of the Al-coated steel sheets. 
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(1) Solubility Test of Resin Film 



Each sample was immersed in a NaOH solution of pH 11 at 40°C until 
5 a resin film was dissolved off. Solubility of the resin film was judged by a time 
period spent for dissolution of the resin film, as follows; dissolution in one 
minute as ®, in 1-2 minutes as O, in 2-5minutes as A and in longer than 5 
minutes as x . 

(2) Anti-Scratching Test 

10 A disc-shaped sample of 90mm in diameter was drawn to a cylindrical 

form using metal dies held at 20°C and 100°C and punches of 40mm in 
diameter with a drawing ratio of 2.35 and a wrinkle -pressing force of 1.5 x 
10 4 N. The drawn sample was observed to detect persistence of the resin film 
at its drawn part. An ti- scratching property of the resin film was judged by a 

15 residual ratio of the resin film at the drawn part as follows; a residual ratio of 
80% or more as ®, 60-80% as O, 40*60% as A and less than 40% as x . 

(3) Workability Test 

A disc-shaped sample of 94mm in diameter Li was drawn to a 
cylindrical form using a metal die held at 100°C and a punch of 40mm in 

20 diameter with a drawing ratio of 2.60 and a wrinkle-pressing force of 2.5 x 
10 4 N. An average diameter L2 of the drawn sample was measured, and a ratio 
of L2 to Li was calculated. Workability of the sample was judged by the ratio 
L2/L1 as follows; a ratio less than 0.80 as ®, 0.80-0.86 as O, 0.86*0.90 as A 
and 0.90 or more as x . 

25 (4) Corrosion Test for Inner Surface 

After a sample of 84mm in diameter was drawn to a cylindrical form 
with a drawing ratio of 2.1 using a metal die held at 100°C, it was washed 5 
minutes by spraying an alkaline liquid of pH 11 at 40°C. The washed sample 
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was immersed in each of test liquids A"C, and left as such 10 weeks in the 
test liquid which was repeatedly exchanged by new one every week. 
Dissolution of the resin film was measured after 10 weeks-immersion. 
Corrosion-resistance of the sample was judged by a dissolution loss as follows; 
5 a dissolution loss less than 0.3g/m 2 (less than O.lSg.m 2 in case of the test 
liquid C) as ®, 0.3-0.5g/m 2 (0.15"0.25g/m 2 in case of the test liquid C) as O 
and 0.5g/m 2 or more (0.25g/m 2 or more in case of the test liquid C) as x . 

Test Liquid A: a liquid mixture of 50% gasoline with 50% water 

containing 350ppm a formic acid 
Test Liquid B: a liquid mixture of 85% methanol containing 350ppm a 

formic acid with 15% gasoline 
Test Liquid C: a liquid mixture of 50% gasoline with 50% water 
containing 50ppm CI" 
(5) Post* Coat Corrosion Test 

After a sample was drawn to a cylindrical form by the same way as (4), 
a black aminoalkyd resin was sprayed to the sample to form a resin film of 
20|xm in thickness. The painted sample was examined by a salt water 
spraying test regulated in JIS Z2371, and a ratio of rust formation was 
measured after 1000 hours-spraying. Post-coat corrosion-resistance of the 
sample was judged by the ratio of rust formation as follows; a ratio of 0% as 
©, less than 10% as O, 10-50% as A and 50% or more as x . 
Table 2 shows the test results. 
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Example 2 

Several acrylic resin emulsions with different acid values were 
prepared by reacting methyl methacrylate, buthyl acrylate, methacrylic acid 
and acrylic acid together at various ratios. Powdery silica and/or powdery 
synthetic resins (a mixture of polyethylene resin with fluororesin) were added 
to some of the emulsions. 

A steel sheet of 0.9mm in thickness hot-dip coated with an Al-9% Si 
alloy at a ratio of 40g/m 2 per single surface was used as a base sheet for 
painting. After the Ahcoated steel sheet was chromated at a ratio of 16mg/m 2 
calculated as Cr, each emulsion was applied to it by a bar-type applicator and 
then dried in an oven to form resin films different in thickness. 

Table 3 shows compositions and thickness of resin films formed on the 
Al-coated steel sheets, while Table 4 shows properties of the resin films 
measured by the same way as Example 1. 
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Example 3 

Several emulsions of carboxylic group -containing urethane resins with 
different acid values were prepared. After NaOH or KOH was added to each 
emulsion, powdery silica and/or a powdery synthetic resin (a mixture of 
polyethylene resin with fluororesin) was added to the emulsion. The emulsion 
was applied to an Al-coated steel sheet by the same way as Example 1. 
Compositions and thickness of resin films formed on the Al-coated steel 
sheets are shown in Table 5. 
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A sample was cut off each Al-coated steel sheet painted with the resin 
film and examined by the following tests. 

(6) Stability Test of an Emulsion 

An emulsion was received in a hermetically sealed glass vessel and left 
5 as such at 40°C. Stability of the emulsion was judged by days until occurrence 
of thickening or gelation as follows; no detection of thickening or gelation over 
20 days as ©, over 10 days as O and occurrence of thickening or gelation in 
10 day holding as x . 

(7) Solubility Test B of A resin Film 

10 Each sample was immersed in a few kinds of NaOH solution of 

different pH values at 40°C, and a time period until dissolution of a resin film 
was counted. Stability of a resin film was judged by a time period for 
dissolution of the resin film as follows; dissolution in O.Sminutes or shorter as 
©, 0.5-lminute as O, l-3minutes as A and longer than 3minutes as x . 

15 (8) Blocking Test 

Samples were piled up in the state that resin films were held in 
contact together and left as such 24 hours at 40°C in an atmosphere of 
90%RH with a pressure of 1200N/cm 2 . Anti-blocking property was judged by 
separability of the samples as follows; spontaneous separation of the samples 

20 as ©, forcible separation of the samples without damage of resin films as O, 
forcible separation of the samples with partial peeling of resin films as A 
and occurrence of peeling over all the resin films due to blocking as x . 

(9) Anti-Scratching Test 

Anti-scratching property of a resin film was judged by the same anti- 
25 scratching test as Example 1. 

(10) Corrosion Test for an Inner Surface 

Corrosion-resistance of a sample at its inner surface was judged by the 
same corrosion test as Example 1 except spraying an alkali liquid of pH 10 at 
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40°C for 1 minute. 

(ll) Post-Coat Corrosion Test 

Post-coat corrosion-resistance of a sample was judged by the same 
post-coat corrosion test as Example 1. 

Table 6 shows test results. 
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Example 4 

NaOH or KOH was added to emulsions (prepared in Example 2) of 
acrylic resins having carboxyl groups in its molecule with different acid 
values. Powdery silica and/or a powdery synthetic resin (a mixture of 
polyethylene resin with fiuororesin) were added to some of the emulsions. 

A steel sheet of 0.9mm in thickness hot-dip coated with an Al-9%Si 
alloy at a ratio of 30g/m 2 per single surface was used as a base sheet for 
painting. After the Al-coated steel sheet was chromated with a ratio of 
15mg/m 2 calculated as Cr, each emulsion was applied to the Al-coated steel 
sheet by a bar-type applicator and dried in an oven to form resin films 
different in thickness on the Al-coated steel sheets. 

Table 7 shows compositions and thickness of the resin films formed on 
the Al-coated steel sheets, while Table 8 shows properties of the painted steel 
sheets. 
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Example 5 

Al-coated steel sheets painted with various resin films by Examples 1* 
4 were drawn and pressed to shapes of upper and lower halves for a fuel tank 
of an automobile. Scratches were not detected on the Al plating layers after 
5 being press-worked. After a plurality of openings for connection of various 
pipes were formed in the upper and lower halves, pipes were spot- or 
^ projection-welded to the upper and lower halves without peeling of resin films. 

Ah alkali liquid of pH 10.5 at 40°C was sprayed to the upper and lower 
halves to which pipes were welded. After the upper and lower halves were 
10 washed with pure water, their surfaces were observed by FT-IR analysis. It 
was recognized that resin films were completely dissolved off. 

Thereafter, the upper half was laid on the lower half in the manner 
such that a flange of the upper half was held in face-to-face contact with a 
flange of the lower half. The flanges were seam-welded together. Any smoke 
15 or offensive odor was not discharged during welding. The welded fuel tank 
was coated with a black paint at its whole external surface. After degraded 
gasoline was poured in the fuejrtank, the -fuel tank was left as such 1 month; 
Thereafter, the inner and external surfaces of the fuel tank were^observed, 
and it was recognized that the fuel tank was helci in a state free from 
20 corrosion. 

(L ■ INDUSTRIAL APPLICABILITY — 

^T^» k ^ 1 ^ ^ An Al-coated steel sheet for a fuel tank according to the pre$&frfT [ 
invention as above-mentioned has a resin film form ed ojwtssur face for 
25 inhibition of scratches during press- workin&^fer^sliaping it to members of a 
fuel tank. Due to such the regi»-film, the fuel tank is improved in corrosion- 
resistance to stoj^drfuel without exposition of base steel. Since the resin film 
is coijiptrSed of an alkali-soluble resin, it is easily washed off by an alkali 
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liquid after the Al-coated steel sheet was shaped to membefs j ofjiie--fcr^rTank. 

As a result, the Al-coated steeLshe&t-Gdft4j^welded without generation of- 

smoke orjjfierrSlv^bdor caused, by thermal decomposition of the resin film 

w^n a weld.' heat. v . "*'"■.■ : 

5 Dissolution of the resin film is facilitated by proper selection of a resin 

which is soluble in an alkali liquid' of pH 9.0 or higher. A resin having a 

carboxylic group(s) in its. molecule to adjust its acid value within a range, of 

• ■ * • S '■ 

40*90 is preferable for formation of a resin film excellent in solubility, and 

film-formability: v Especially,, a resin, in which 1-50% hydrogen atom of. the 
10 introduced carboxyl group(s)r is substituted by. alkali. metal, is formed to a 
resin film which can be dissolved off in one minute by an alkali liquid of pH 
^9.0. A time necessary for dissolution is well balanced with anti-scratching 
property by adjusting thickness of-the* resin film to 0.2-5. Ojum. 
^J^M- — The^resin film, which serve as a protective layer for the Al-coated ste 
15 sheet until press-working, is easily removed from the Al-coated steeJ-*gIieet by 
alkali-washing before resistance-welding. Therefore,a^{5owdery synthetic 
resin or silica may be dispersed in the resip^film for improvement of anti- 
scratching property without harmfrfuifluences on a anti-corrosion paint 
layer to be formed on a syrfSce of a fuel tank. In addition, alkali-washing is 
20 performed betwe^n^tT press- working step and a welding step in a fuel tank- 
manufacturing line, so that a fuel tank is manufactured by the same line as 
convemional one without increase of a cost due to an additional step. 
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